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ABSTRACT
This project involves basic research to understand the network structure and process required to accelerate the growth of Frontier Capital Market Status as the first step to access global investment. Global investment encouraged by the presence of efficient capital markets can promote stability in a region and reduce the potential for, and duration of, military intervention. Using a network-based approach to evaluate Frontier Market development and stability, we are discovering underlying metrics that describe the market state. Through largescale quasi-experiments, we are modeling how Frontier Markets succeed or fail. This research will provide quantitative analysis to senior decision makers engaged in shaping economic development policy. Approved for public release; distribution is unlimited.
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A Proposed Methodology to Classify Frontier Capital Markets
Daniel Evans and Margaret Moten
"The success of our economy has always depended not just on the size of our gross domestic product, but on the reach of our prosperity; on the ability to extend opportunity to every willing heart --not out of charity, but because it is the surest route to our common good."
-Inaugural Speech by President Barack Obama, Jan 2009
This project involves basic research to understand the network structure and researchers with a rich data set of network nodes, relationships and attributes.
Network Analysis and Economics
We propose that some techniques pioneered by Network Scientists combined with this innovative methodology can assist policymakers in developing more effective plans for economic development. Economists are beginning to embrace the idea that new models need to be developed to address the "networked" environment of economics and finance. Alan Kirman, a professor at Cezanne University in Marseilles, is a leading proponent of this movement. In a 2010 paper, he argues that individuals don't behave according to microeconomic principles and the attempt to aggregate these "separate" principles is a problem. Additionally, he argues that "The homo economicus is not an accurate or adequate description of human decision making," and he questions such common economic assumptions such as representative agent, stability and uniqueness of equilibria, individual rationality, information availability, and an anonymous market. 
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The recent financial crisis of 2008 offers a bleak illustration. Financial institutions, acting individually, to maximize their returns and minimize risk, spread increasingly complex financial instruments throughout the financial system thereby destabilizing it. The highly interdependent network of financial institutions that evolved was not predicted or explained by traditional economic models, resulting in the near collapse of the entire system. Kirman suggests that macroeconomic theory needs to incorporate the network of interacting individuals, the structure of their interactions, and the consequences of network activity.
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Network analysis can inform behavioral, financial and development economists seeking to understand the essential characteristics that foster capital market development in countries where social capital can be as important as financial capital.
As Stiglitz and Gallegati (2011) note, "Some network designs may be good at absorbing small shocks, when there can be systemic failure when confronted with a large enough shock. Similarly, some typologies may be more vulnerable to highly correlated shocks." 4 Goyal (2007) found that, "Network structure has significant effects on individual behavior and on social welfare." He concluded that some networks are better than others to promote socially desirable outcomes, and both the quality and quantity of the links in the networks are important. 5 Understanding the personal, corporate, and information networks that underlie capital markets in developing economies is a critical component for developing programs that foster economic growth, expand economic opportunities, and mitigate risk.
The majority of the previous study involving network analysis and economics has focused on micro-economic theory with a general emphasis on decision-making, individual behavior, and game theory. Network scientists have also delved into such topics as viral marketing and the economics of network-valued commodities. Some work has been done at the macro level focusing on international relations and trade, but 3 .Ibid. 4 Stiglitz, Joseph E. and Mauro Gallegati, "Heterogeneous Interacting Agent Models for Understanding Monetary Economics," Eastern Economic Journal, Volume 37, Winter 2011, pp. 6-12, Bloomsburg, PA, Eastern Economic Association. 5 Goyal, Sanjeev (2007) . Connections: An Introduction to the Economics of Networks, Princeton:
Princeton University Press, pp. 54, 27. increasingly researchers are recognizing the need to incorporate a network approach to enhance our understanding of macro markets, especially capital markets. Individuals make economic decisions in a market context that is influenced by their social interactions and opportunities. Examining the structure, dynamics, and unique characteristics of the capital market network in which they operate is vital to developing a better understanding of how capital markets evolve.
Economic analysis and prediction is further complicated in developing economies where individuals make reciprocal exchanges and clan or family interests are as important, or maybe more important than individual self-interest. Other important considerations are the social norms, institutions and legal frameworks within which individuals operate. Furthermore, information asymmetry and insufficient contract enforcement can limit the willingness of creditors and investors to provide critical investment funds. We expect our network approach to discover existing qualities of market behavior that do not adhere to traditional economic models. This research is important not only because of the insight it adds to network science, but also because it will broaden our understanding of the critical factors affecting market development.
The Role of Capital Markets in Economic Development
Economies experience real growth at the individual firm level. In order to grow, companies require capital to expand operations, develop new products and services, and construct facilities. It is recognized that well-functioning financial markets are associated with economic growth. Levine and Zevros (1996) found that developed capital markets are correlated with improved economic performance, and there is a link between the size and liquidity of stock markets and easy access to information, rigorous accounting standards, and strong investor protections. Successful economic development requires that small and medium firms have access to the capital necessary for business development but currently little is understood about the structure and functions of capital markets in the world's lessdeveloped countries. We propose that this classification methodology will provide a rigorous, quantitative tool that will allow policymakers to customize economic development strategies based on network typologies and the identification of driver nodes.
Frontier Markets Network Analysis
The objective of this initial research effort is to develop an innovative, For each entity selected, we conducted Internet research on key personnel, such as chief executives and board members, and recorded individual résumé data such as the organizations with which they were currently or had previously been associated.
The organizations listed comprised both publicly traded and private firms in addition to clubs and professional associations. The team also collected data on nationality, educational attainment, university affiliations, and teaching expertise and then conducted interviews with key participants in the stock exchanges, banks, brokerage firms, and government whom the initial models indicated were hubs in the network. 
Macroeconomic Metrics
Our team has developed in innovative algorithm that has achieved success as a classifier mechanism in initial tests. This type of mechanism is used for automated prediction, identification, and machine learning. The algorithm consists of a unique binary classifier mechanism that combines three methods: k-Nearest Neighbors (kNN), ensemble creation, and Bayesian probability. The team will gather macroeconomic metrics for a variety of Developed, Emerging, and Frontier markets and then classify the capital markets based on this novel quantitative approach.
Each classifier is tailored to detecting membership in a specific class using a best subset selection process. This approach provides the diversity needed to successfully implement an ensemble. Ensembles increase classification strength by using the collective output of several classifiers instead of a single methodology. The resulting vectors are translated into ensemble classifiers. Then conditional probability is applied to the ensemble classification methodology, which improves the accuracy where an input might result in multiple positive classifications. The binary nature of the classification algorithm is very useful when choosing how to evaluate and weight information in a conflicted and incomplete network environment. One of the challenges in network science is selecting the most important decision variables from extensive datasets. This algorithm identifies complex underlying mathematical relationships in order to make classification decisions.
Social Capital Model
Social Capital is generally defined as an economic concept that evaluates the connections between individuals and entities. Edwards (2002) 13 these early successes, the team is aggressively collecting data in our countries of interest and will be refining the models accordingly. 
Capital Flows Model
The team is developing an innovative network model that addresses the actual flow of capital throughout the Capital Markets studied. This network will also take into account external and internal constraints and limitations. It models how funds deployed by a foreign investor in the Frontier or Emerging Markets of interest would flow throughout the financial system. The research team will develop a network that addresses the market's trading system, clearing process, and depository system. Additionally, the team will address the legal and regulatory constraints and limitations inherent in the capital market. For example, in some markets, legal limits exist on the amount of equity foreign investors are allowed to purchase.
The Capital Flows Network will also consider the types of assets that are available in specific capital markets, transaction costs, and trading options. For example, the most liquid and efficient capital markets in the world allow investors to participate in numerous ways with fairly low transactions costs. Examples of the types of assets that trade in large volumes on these liquid markets are corporate bonds, options, futures, and derivative products. This Capital Flows model will allow our team to accurately describe a vital aspect of Capital Markets that was observed during visits to our countries of interest. The ease and ability to move funds in and out of a market is an essential component of a healthy market. In Frontier Markets, it is often very difficult to deploy funds due to regulations and local constraints. The method in which capital is actually deployed in a Capital Market is an extremely important component of the efficiency, transparency, and liquidity of the overall market. If institutional and retail investors perceive this process to be flawed, they will be less likely to participate in the market. A positive perception of market operations is necessary in order to encourage foreign direct investment.
Future Plans and Further Applications
Future research will focus on completing the "horizontal" comparison between the Frontier Capital Markets and the Emerging Market Model. The team will refine the methodology to classify and compare financial networks and the Social Capital Survey and Model. Based on our lessons learned, researchers will conduct another round of Social Capital surveys in the designated Frontier Markets. The final classification model will enable the team to expand its efforts beyond basic science to real-world applications. This model will provide U.S. Government, Military, and Non-Governmental Organizations with a playbook when creating economic development plans in the future.
It will also provide vital information to organizations from the national level to the district or village-level and inform decision-makers about the network structure allowing them to focus on aspects of the network that will generate more efficient and effective results.
An example of this collaboration is a proposed link to an existing project supporting Agricultural Development Teams that are deployed worldwide by the U.S. Army National Guard. These teams are uniquely qualified to gather data in the course of their work that will assist in the development of network classifications or typologies that can inform members of other U.S. Government and even Non-Governmental Organizations.
Furthermore, we will be involved in a research effort to study the quantitative measures that determine the evolving state of a network. The collaboration will explore the potential to quantitatively determine if a financial network has changed state and if this is a vital piece of intelligence for the U.S. Government.
Over the course of the next year, we plan to publish on the following topics. 
